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RELATIONSHIP OF VENOUS PRESSURE TO INIRAPULMONIC PRESSURE

A Comparison of Continuous Posifive-Pressuse Breathing by Mask
and by Helmet

Modern afreraft fly at altitudes where man
cannot exist without respiratory aid.  Fuilure
of pressurization of an aircraft above 50,000
feet will lead to loss of useful consciousness

of the occupants in less than 15 seconds (R).

Breathing 1C3 percent oxygen will prolong uge-
ful conscimm=ness at this altitude only af it is

breathoed under pressure.

Pressure breathing is a useful emerpgency
measure to allow descent in case of eabin
decompression at very high altitude, and it
ix still used to increase altitude capability in
unpressurized aircraft.

The degired effect of pressure breathing is
to increase the arterial oxyeen tension,  This
is accomplighed by increasing the oxygen tene
sion in the lings.  As this desired offect
occurs, the increase in lung tension has a
deleterious effect on the cireulation (1.3, 4,5).
Thix effect is first manifested by an increase
in intrathoruvic venons pressure (7). which
adversely affeets the venous returm to the

“ heart (2),

Pressure  breathing is comunonly aceom.
plished by mask or by helmet. Both of these
methads  cause an inerease in intrathoracie
venous preseure, but the effects on venous

return from the head to the heurt should be

different by the two methods.

This study will eompare the venous-pressure

chanres caused by continuous pesitivespressure

Recened fur publiceticn on 12 June Ukt

breathing by mask and by helmet as an ap-
proiwch toward determining which method of
pregsure breathing may be more fuvarable for
venous return from the head to the heart.

METHODS

Dogs were used in these studies because it
wng not feasible to muke these direct venous
measurements on human subjects. To study
continuous positive-pressure breathing and to
c¢hange eapidly from mask breathing to helmet
breathing, a special respirator was huilt
(fig. 1),

PICGURE
Eepertu cntal et up: R, prespirator: P, prossures
vacnum pumpe NV, valee; C, reapivator collary S, api.
rometer; D, dome; and M, manometer,




This respirator had a large chamber for
the dog's body and a smaller chamoer for the
dog’s head. The two chambers were scparated
by a partition which contained an adjustable
respirator collar. The two chambers hi:l
separate covers so that they could each be lefi
open or sealed airtight. Each cover had a clear
leucite panel so that the dog could be obuerved
inside the respirator.

A motor-driven, pressure-vacuum pump was
mounted on the side of the respirator. This
pump could supply positive pressure wo the
head chamber or to the apirometer from whick
the dog breathed, or to both simultaneously.
Thus, the lungs and head could be prexsurized
‘to simulite helmet breathing, or the lungs
alone conld Le pressurized to simulate mask
breathing, In either care, the bady chamber
was left at ambient pressure. Negative pre:
sure could be created in the bady compartment
to provduce positive-pressure breathing by still
another methmd, although this method was not
used in this study,

The experimental animal was at all timeas
comnected to the spirometer via a tracheal
cannula. When the pump was not pressurizing
the spirometer, the dog wax breathing at
ambicnt pressure; when the spirumeter alone

rits pressurized, the dog was pressure-breath-
ing Ly “musk™; when poxitive pressure was
applied to the apirometer wmld head chamber
simultaneously, the dog was pressure-hreathing
by “helmet.,” By simply changing the position
of a threeeway valve an the output side of
the pump, normal breathing, pressure breath-
ing by “mask,” aml pressure breathing by
“helmet” could be studied in quick succession.

Pulmonury volumes were recorded irem &
13-liter, oxygen-filled spirometer with a Qg
absorber.  This spirometer had been unnlifiod
to permit ita use for pressure breathing, A
dome had been fitted over the spiromoter bell
and secured to the outer wall of the water
compartment su that the bell moved freels
within the dome.  When (he donie was pres-
surize, the pressure was transmitted to the

" spiroraeter bell and through the connecting
tubes through the wall of the head chamber
into the tracheu! eannula and Into the lungs of
the dog.

Six mongrel dogs were studied. Before
being pluced in the respiratar, they were pre-
mared in the following manner: They were
anesthet zed with intravenous sodium pento-
barbital. A tracheotomy was then performed
and a tight-fitting cannula was tied into the
trachea. The right jugular vein was exposed
in the reck, and two eatheters were ihserteds
One catheter was direeted downward o that its
tip wis intrathoracic and in the superior vena
cava just above the heart; its position was
verified at autopsy. Tne other catheter was
directed cephalad so that it recorded extra-
thoracie (jugular) venous pressure in the head.
Both of the catheters were ingerted through
neadle punctures of the vein wall and did not
occhude the lumen of the vein. An esophageal
Lalloon was pluced in the esophagus to record
intrapleural pressure (1).

The dog was then placed in the respirator,
and the tracheal eannula was connected to the
spirometer.  Differential strain gages were
connected between (a) the esophagus and
ambient pressure, () the trachea and ambient
pressure, (¢) the trachea and esophagus, (d)
the superior vena cava and ambient pressure,
and (¢) the right jugular vein and ambient
pressure,  Continuous records were thus ob-
tained of intrathoracie pressure, pulmonie pres-
suee, transpulmonary pressure, superior vena
cava pressure, and rght jugular vein pressure,
A continuous spirogram was recorded by the
sphyometer

Records were mzde with the dog breathing
at ambient pressure and ai +10, 20, 4-80,
and +40 ¢em. H,O pulmonic pressure applied
by “mask” and “helmet.” The prossures were
applicd in succession and maintained at each
level fur approximately two minutes. All
menstrements were obtained, as indicated by
the method, with the animals in the supine
position, :




FINDINGS
Mask pressure breathing

Wich tnereasing pulbmonie pressure, the su-
petior venn cava pressure poge from an iverage
of b oem H.O at ambient pressure o an
average of 23 em. MO when 10 em. 11,0 of
intrapuln.onic pressure was applied  (fig, 2).
At the same time, the iuguliar venous pressure
roge from an average of + 11 em, K0 at am-
bicnt pressure to .« 23 em. 11O when + 10 em.
H.O of intrapulinonic pressure was applied. The

difference between jugular venous  presstie

and superior vena cava pressere varied from
<12 em. H.0 at ambient pressure to 0 em. {1 0O
when - 10 em. 11,0 of intrapulinogic pressure
waos applicd, indiesting that at these high
pressures blead flow from head o heart virtu-
ally ceases. :

Helmet pressure breathing

With increasine mteapulmonic  pressare,
the superior vena cavie pressure roge from an
averaere of 1 om. 1O at ambieat pressure
to an averave of - 20 eml HEOG ween oem,
H O of intrapulmonic pressure was applied
(fig. 3. At ipe ~ame time, the jngular venous
pressure rose feom an averare of e O
at ambicnt pressure to 42 em. H.0 when
-4t em, 11O of intrapulmonic pressure was
applicd. The differenee between jugular ve-
nous pressure and superior vena cava pressure
varied from + 12 em. .0 it ambient pressure
to « i%em. 1.0 when « 40 ¢m, 11,0 of intrapul-
monic pressure was applied,  In thin case,
contrary  to the *mask” situution, preswure
gralicnts for blood ilow from head to heart
ar even more favorable than niemal.

For mask pressure breathing, the differ-
«ntial venous pressure frem head to chest
(fig. -H varied from « 12 em. H.0 at ambient
pressure to 0 em. H.O at « 10 ean 11O intra-
rulmonic  pressure,  For helmet  pressuve
breathiug, the differential venous pressure
from head to chest varied from + 12 em. 11,0
at cupbient pressure to 18 om, 11,0
AU e, H.O of fntrapulmonie pressure,
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FIGURE 2

Relationr of scnoun pressure to intrapulmonic pree-
gure: conlinueis positive-presaure dreathing bty mask.
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Relution of i« nona prvesinpe to intrapulmouie pree
wupe? continnnns positive.pressurs breathing by holmer,
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DISCUSSION

The venous return from the head to the
heurt iz influenced by the pressure gradient
between the veing of the head and the veins
in the chest (7).  Normally, the venous pres-
sure in the chest is slightly below ambient
pressure while the venous pressure in the neck
and head, particularly in the supine position, is
slightly above ambicnt pressure, Uhis normal
pressure  gradient  tacilitates  the return of
venotts blood to the heart.

When intrapulmonic pressure is inereased,
a considerable amonnt of this pressure is trans-
mitted to the great veins in che chest and thus
the pressure in these vems is also increased.
Since these veins are collapsible structures,
the pressure in them must always be slightly
sreater than intrathoracie pressure if blood is
to returp to the heart, In order for venous
biomd to ceturn from the head to the chest,
the pressure of the venous bload in the head
must’ be increased above that of the veins in
the chest.,

When inereased intrapulmonic pressure is
applied by mask, venous pressure in the choest
it incrensed ae discussed nbove,  This increased
vengus pressure s trunsmitted backward to
the veins in the neck and head.  Slace many of
She veins on the periphery of the neek and head
are embedded i rebitively looge surrounding

!

tissves and since veinag sre distensible struc-
tures, the increased back pressure from the
veins in the chest causcs these meck and head
veins to Cistend. Thus, with mask pressure
there is venous distension in the neck and head.
\Vith this venous distention there is increase
in venous volurue in the neck and head and
relatively lass rise in venous pressure as com-
pared to the rise in venous pressure in the
<hest.

Wheu incrensed intrupulmonic pressure fs
applied Ly helmet, venous pressure in the chest
ix agnin increased as discussed above ; however,
since the head and neck are enclosed in the
helmet, the increused pressure applied by the
helmet is directly applied 10 the head and neck
as well as to the respiratory tract and lungs.
Thu<. althougrh venous pressure in the chest
is increased. the venous pressure in the head)
and uneek is juerensed by at least an equal i
amount beeiuse the head and neck are enclosed '
in the helmet. :

It ha: been shown that with increased
intrapulinonic pressure applied by mask, the
pressure in the superior vena cava rose with
the iercase in intrapulmonic pressure. The
pressure in the jugular vein did not rise sharply
during thix period and at 3 40 em. intrapul-
monic pressure, the jugular pressure and su-
perior vena cava pressure were essentially
equal.  This increase in superior vena cava
pressure, accompanicd by a lenser rise in jugu-
Lir vein pressure, created a pressure gradient
thut became increasingly adverse for venous
return from the head to the chest as intra-
pulnionic pressure was increased.

With increased intrapulmonic pressurc ap-
plied by helmet, the venous preasure relation.
ship between the head and the chest was
different from that seen with mask breathing.
With increase in intrapulmonic pressure, the
pressure in the superior vena cava again rose;
however, the jugular vein pressure also rose ||
directly with increased intrapulmonie pressuve,
and at any point in the increase of intra-
pulmonic pressure, (Le jugular venous pressure
ruce by e amotnt grenter than the correspond-
e rise in supevior venn cava pressure.  This
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pressure gradient was favorable for the return
of venous blood from the head to the chest,

SUMMARY

During continuous positive-pressure breath.
ing by mask, the superior vena cava pressure
rose relatively more than did the jugular
venous pressure; thus a relatively unfavorable
velous preasure gradient was established for
the return of Llood from the head to the heart,

During sontinuous pasitivespressure breath-
ing by helmet, the jugular <nous pressure
#ose relatively more than Jid the superior vena
cava pressure; thus a favorable venous pres-
sure gradient was established for the return
of blood from the head to the heart.

From {he standp:-int of pressure gradients,
venous return from the head to the heart was
more favorable when pressuce-hreathing by
helmet than when pressure-breathing by misk,
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